I. INTRODUCTION
The QCD theory of hadrons has very developed resources to treat hadron properties and by now explained a majority of observed hadrons [1] . Nevertheless, there exist hadronic objects, considered as non-standard or extra states, with the properties (e.g. the masses and widths) strongly different from theoretical predictions [2] , and most of them refer to light scalar mesons, such as f 0 (500), f 0 (980), a 0 (980), K * 0 (700). They can hardly be associated with the lowest conventionalscalars for several reasons: a) their masses are strongly displaced as compared to expectedmasses; b) in some cases two observed scalar resonances can be identified with onestate with the same quantum numbers. This situation is well described by Nils Törnqvist in 1995 [3] "Our present understanding of the light meson mass spectrum is in a deplorable state... This is mainly because of the fact that... "QCD inspired quark models" fail so dramatically for scalar mesons..." Nowadays, 25 years later these words hold true, probably, even more spectacularly. Nevertheless continuous efforts of the physical community have brought a large amount of information about the properties of the scalars, their decays, and production (see [4] [5] [6] [7] [8] [9] [10] for reviews and analysis, and [11] [12] [13] for most recent reviews). Theoretical approaches to the scalar spectrum include the tetraquark model [14] , the chiral model [15] , the molecular model [16] , the QCD sum rules [17] , and lattice calculations [18] . On another hand one can use a simple parametrization of theto the meson-meson channel transition amplitude [19] , which gives a reasonable behaviour of the scalar amplitude. An important approach to physics of the scalar resonances is the use of the dispersive and analytic methods for the analysis of the scalar meson-meson amplitudes [15] , [20] [21] [22] [23] [24] [25] [26] . Despite of all efforts and large amount of information the main two problems, underlined above, are not yet resolved and in the PDG summary Table 2 [1] the lowest scalar resonances are identified with f 0 (1370) for I = 0 and a 0 (1450) for I = 1, implying that the lowest 1 3 P 0pole is around (1.4-1.5) GeV, which contradicts numerous calculations in relativistic models [27] [28] [29] [30] .
The present paper, as well as the previous one [31] , is aimed at the theoretical solution of the scalar meson problem and for that we shall use the method, similar to the non-relativistic Cornell coupled-channel mechanism [32] , developed for heavy mesons, where the pure charmonium states cc transform into the DD states and back many times, leading to the displacement of resulting combined resonances. This transformation occurs via creation of a pair of light quarks and numerically is of the order or less than 50 MeV. Later on these authors have studied displaced resonances in charmonium quantitatively [33] , and one of the present authors (Yu.S. together with collegues) used the Cornell formalism to study both charmonium and bottomonium systems [34] .
The general theory of channel-coupled (CC) resonances was given in [35] in a general form, not assuming pole structures in any channel, while the CC resonance can occur, as in the case of the Υ(nS)π system coupled to BB * or B * B * (see last ref. in [34] ). Below we are specifically interested in thepoles found in relativistic path-integral formalism, coupled to a pair of chiral mesons.
One of the basic points of this method is derivation of the transition elements between theand meson-meson systems, and below we use, as in [31] , the quarkchiral Lagrangian [36] [37] [38] [39] , which establishes all chiral relations, known in standard chiral theory, like GMOR relations [40] , but also allows to calculate the chiral decay constants, f π , f K , ... [42] . It also correctly predicts behaviour of the chiral constants in magnetic field, where the standard chiral theory fails [41] . Our purpose in this paper is to define the exactpoles using the detailed relativistic theory (see [28, 30] and refs. therein) and establish explicit relations between the known 3 P 0state characteristics and resulting new resonance pole parameters, which will be called the Pole Projection Mechanism (PPM). In the framework of PPM, as shown in [31] , a singlepole can create two (several) projected resonances, one for each mesonmeson channel, coupled to a givenchannel. This mechanism was applied in the case of the f 0 (500) and f 0 (980) resonances [31] , when from the original (qq) pole at M 1 = 1.05 GeV two resonances, f 0 (500) and f 0 (980), are created. In this way both properties a), b) were demonstrated, since f 0 (500) occurs due to ππ channel coupling to theinitial state with the mass M 1 , while f 0 (980) is due to the KK -qq channel coupling. Simultaneously in the case with the isospin I = 1 and the initial mass M 1 the qq-pole is coupled to both channels, πη and KK, and produces two close-by resonances near 1 GeV, which can be associated with a 0 (980). As shown in [31] , in the PPM there exists the only variable parameter -the spatial radius λ of the quark-meson transition amplitude, denoted as k (I) (qq, ϕϕ).
The spatial radius λ enters in the quark chiral Lagrangian [36] [37] [38] [39] as a mass parameter M(λ) = σλ and is fixed in the case of π, K mesons by the calculation of f π , f K [41] , which yields λ = 0.83 GeV −1 . In the− ϕϕ transition case we calculate for the first time dependence of the coefficient k (I) (qq, ϕϕ) on λ and find a stable maximum at λ = λ 0 in the region (1 ≤ λ 0 ≤ 1.5) GeV −1 , which is taken as a basic point of our method, yielding the fixed value of k (I) (λ 0 ) and the fixed λ = λ 0 .
In the present paper we further extend the PPM theory to include the radial excitations of thestates and find the resulting scalar resonances. To this end we consider the nn, ns, ss states with n r = 0, 1 and I = 0, 1/2, 1, and show that the inclusion of the radial excitedpole makes the PPM even more pronounced, when the lower pole, coupled with the meson-meson channels, has large shift down, while the second higher pole has much smaller shift. In this way we demonstrate the important visible feature of the scalar resonances: the lowest n r = 0 poles are much strongly shifted as compared to the n r = 1 poles.
To calculate the resulting shifted poles we need 1) the transition coefficients k (I) (λ 0 ), discussed above; 2) thepole masses M 1 , M 2 computed in the framework of relativistic path integral Green's functions [43] , and 3) the free ϕϕ Green's functions G ϕϕ (E, λ 0 ), defined with the spatial distance λ 0 between the in and out ϕϕ states.
As a result, we find the complex energy poles, corresponding to observed resonances f 0 (500), f 0 (980), f 0 (1370), f 0 (1500), a 0 (980), a 0 (1450), K * 0 (700), K * 0 (1430), f 0 (1710). The plan of the paper is as follows. In section 2 we present the details of the PPM formalism of [31] in the case of the I = 0, 1/2, 1; J P = 0 + channels, and in section 3 we analyse the dynamics of our theory and calculate the resulting positions of the resonances. The inclusion of radial excitedstates and calculation of the resulting scalar resonances is done in section 4. Section 5 is devoted to the discussion of results and possible future developments of our approach. The main element of the Cornell formalism [32] is the expression for the total quark-meson Green's function (resolvent) G(E) viaresolvent Gand mesonmeson resolvent G ϕϕ ,
so that the resonance energies are to be found from the equation
where the main point is the transition element V qϕ = V + ϕq . In [32, 33] it was shown how the channel coupling in the system affects the charmonium poles. Later on, this formalism has acquired specific features, necessary to explain the poles in the heavy-quark systems, e.g. in X(3872) [34] , where the original 2 3 P 1 pole of the cc system is strongly shifted due to transitions of cc(2 3 P 1 ) into DD * meson-meson state and back, which finally provides a pole at the DD * threshold. Actually the equation for the position of the new quark-meson pole has similar forms: nonrelativistic in [32] [33] [34] and relativistic in the new formulations for the scalars in [31] : G ϕϕ (E)ΓG(E)Γ = 1, where Γ is the− ϕϕ transition vertex, and in [31] it was found that for the chiral ϕϕ mesons Γ is large.
Note, that one could call X(3872) as the DD * resonance, but at the same time it can be considered as the shifted cc resonance, implying that it is the combined cc − DD * phenomenon, or the cc pole projected on the DD * channel.
At this point one does not still expect that one cc pole can interact with several (DD, DD * , D * D * ) states and can produce more than one resonance. In the heavy quarkonia case the resulting pole shifts are of the order of ∼ 50 MeV , if the mesonmeson thresholds are nearby the original QQ poles, whereas in the general case the situation can be different and, as shown in [31] , in light mesons the pole shifts can reach 500 MeV. At this point it is important to stress the general features of the PPM method, when the original (qq) pole is projected into the meson-meson pole due to interaction between theand chiral meson-meson channels implying a strong but meson-dependent coupling. As a result, onepole can be projected into several meson-meson poles, associated with the corresponding meson-meson thresholds. As it was shown in [31] , this happens in the case of the f 0 (500) (the ππ channel) and the f 0 (980) (the KK plus coupled ππ), which are both produced by the nn(1 3 P 0 ) pole at around 1 GeV. These features create a completely new picture of possible "extra poles", generated by the regularpoles in QCD, not connected to any molecular or tetraquark mechanisms. Note, that the PPM can easily be extended to the three-meson case (m 1 , m 2 , m 3 ), coupled to thepole, as it occurs in the cases with the isospin I = 1, J = 1, 2, namely, the a 1 (1P ), a 2 (1P ) cases, which will be discussed elsewhere.
Below we shall present the PPM, which can explain the appearance of a new pole for each new meson-meson combination, starting with one originalpole, as it was done in the f 0 (500), f 0 (980) case. We start with the basic element of the PPM formalism in the case of chiral mesons -the quark-chiral Lagrangian, or Chiral Confining Lagrangian (CCL), introduced in [36] [37] [38] and extended recently in [39] . This Lagrangian is a generalization of the standard chiral theory, which takes into account not only chiral meson but also quark-antiquark d.o.f. The latter are necessary to calculate the meson coupling constants (f π , f K , ...) [41] , to write the correct Green's functions for chiral mesons, and also to calculate the higher O(p 4 , p 6 ) terms of chiral perturbation theory (see [39] ). Moreover, the magnetic field dependent constants of chiral mesons (f π , f K , m π ,) are obtained correctly in the CCL [42] , while the results of the standard CPTh (withoutd.o.f.) disagree with numerical calculations. Otherwise all known relations, like GMOR [40] , can be derived from CCL as in the standard chiral theory.
The CCL has the form
whereÛ is the standard chiral operator,
Here M is theinteraction term, M = σr, in the case, when chiral operators are not present, i.e. everywhere in theloop, except for the vertex, where chiral mesons ofÛ are emitted. In the last case, i.e. in the π, or the K emission vertex, the value of M is fixed at M(λ) = 0.15 GeV, which corresponds to λ ∼ = 0.2 fmthe fundamental length of the vacuum, known from the Field Correlator Method (FCM) [44] . The latter value of 0.15 GeV is exactly the one, which gives correctly the pion and the kaon decay constants, calculated in the framework of the CCL. From [42] one has √ 2f π = 138 MeV,
is the only parameter of the CCL, in addition to quark masses. The main idea of the quark-chiral approach [35] [36] [37] [38] [39] is that the scalar confining operator M(λ), violating chiral symmetry, is augmented by the chiral operator U (φ), which can emit any number of chiral mesons at the vertex of theoperator.
Correspondingly, one can introduce the chiral-freeGreen's function from Eq. (3) with U = 1, which we call G(see Fig.1 ), the free meson-meson Green's function G ϕϕ , (see Fig.2 ), and the transition element fromto the ϕϕ system, which is obtained from the CCL, Eq. (3), as shown in [31] , see Fig.3 . Here s is the external current, e.g. for the I = 0, the f 0 (500), f 0 (980) cases it is equal to 1, while Λ is the quark propagator, Λ = (∂ + m q + M) −1 . The structure of the transition operator, Mφ 2 2 , in (6) requires a detailed investigation. In [31] it was assumed that M(λ) = σλ can be replaced by 0.15 GeV, corresponding to λ ≈ 1 GeV −1 , as it follows from the f π , f K calculations, while the ϕϕ Green's function G ϕϕ (x, y), created byφ 2 (x) in (6), can be considered nonlocally around the initial and final points x and y, which leads to the logarithmically divergent G ϕϕ (P ) at the total momentum P = (E, 0) in the local limit To take into account nonlocality in [31] it was used to cut-off the d 3 p integration at |p| ≤ N = 1/λ ∼ 1 GeV, implying the nonlocality of the (qq|ϕϕ) vertex. Below we shall examine the structure of this nonlocal vertex in more detail, assuming its structure as shown in Fig. 4 . As seen, for the distance λ between q andq (and effectively between ϕ and ϕ) one should have the corresponding Green's functions Gand G ϕϕ of the form G
ϕϕ and will be found below. As seen from (6) and following [31] , one can find the numerical coefficient C (I) ϕϕ in the transition factor k (I) (qq|ϕϕ), which defines how many ϕϕ are produced by the onestate. In [31] this was done for isospin I = 0, 1. Here we shall consider also the case of the Kπ channel (I = 1/2).
We conclude this section with the explicit form of the I = 1/2 isotopic current, producing Kπ in the case of the K * 0 (700) resonance.
tr j(us)φ
tr j(ds)φis convergent at λ = 0, we shall consider this effect later in this section and now start with the effect of λ in G (λ) ϕϕ , which can be written in the form of the additional factor F (λp), appearing in (7), namely,
where F (λp) = sin(λp) λp 2 , p = |p|, is due to averaging over directions of ∆y = y−y, ∆u = u − u ′ , with |∆y| = |∆u| = λ.
The explicit form of (10) can be written in the c.m. frame
Im
where p 0 is found from the relation p 2 0 + m 2 1 + p 2 0 + m 2 2 = E ≥ m 1 + m. Another way of the renormalization of Re G ϕϕ (E) was accepted in [31] , with F (λp) → 1 and the fixed upper limit of the p integration, p ≤ N = 1/λ. In what follows we shall compare both ways and find that they produce similar results.
Note, that F (λp) is actually a function of λ 2 p 2 , and therefore it does not contribute to the difference G (λ)
ϕϕ (E − iδ) on the cut E ≥ m 1 + m 2 , and hence does not violate unitarity condition.
In the case of the Kπ Green's function one has m 1 = m K (493 MeV for K ± ), and m 2 = m π ∼ = 140 MeV. The resulting form (11) of Re G In the right column of Table 1 the values of Re G (λ)
πK (E = 640 MeV) are obtained in the way as in [31] , i.e. with the cut-off of the integral over dp in (11) at N = 1/λ. One can see rather close values, within (10-15)% accuracy, in the columns 1 and 3, which confirms the cut-off approach used in [31] . Now we shall turn to theGreen's function and use the same formalism for the (ns) system, as in [31] for the (nn) system; for that one can exploit the calculated positions of the (nn) (see Table II ), and analogously the (ss), and ns poles. To calculate theGreen's function and theeigenvalues, we use, as in [31] , the exact relativistic formalism, see [43] for a review and references, based on the Field Correlator Method [44] . This yields the relativistic Hamiltonian in the c.m. frame, containing the quark and antiquark kinetic energies ω 1 , ω 2 ,
Now one has two options to calculate ω i : 1) to minimize H(ω 1 , ω 2 , p) in the values of ω 1 , ω 2 , which leads to the so-called Spinless Salpeter Equation (SSE), widely used (see e.g. [27] ), or to calculate the eigenvalue of (12) E(ω 1 , ω 2 ) and find its minimum (so-called the "einbein approximation" (EA), see [28, 30, 43] for details). The comparison of these approximations for the cases of nn scalar meson masses is given in Table II . The interaction terms V 0 , V s0 , V T are the instantaneous potentials of the scalar confinement V 0 , perturbative and nonperturbative spin-orbit interactions V s0 , and tensor interaction V T , which define the center-of-gravity eigenvalue M cog (nP ), the spin-orbit correction a so (nP ), and the tensor correction c t (nP ). For the masses of the n 3 P 0 states one has [28, 30] 
The resulting masses of the nn ns, ss states are given in the Table III As in [31] , the lowest pole contribution to the (qq) Green's function G(E) can be written as
where f
(1) s is calculated in the (nn) case in [31] , while for allstates it is given in Appendix A1, and within 10% of accuracy it has the value, f Table III . We now can write the final equation for the position of the pole, resulting from the infinite series of the (qq) → (ϕϕ) → (qq) → ... transformations in the same way, as it was done in [31] .
where
Here C 2 i can be found from [31] for the ππ, KK, πη and from (8), (9) and for πK system it is equal to
while the PS decay constants f i are known from [41] , experimental and lattice data,
The quark decay constants of the scalar mesons f As a result, taking into account that M(λ) = σλ = 0.18 GeV 2 · λ, one has the following set of values for the transition factors k (I) (qq|ϕϕ) at λ = 1 and 1.5 GeV −1 . From Table VI one can see that our pole projection mechanism (PPM) yields a reasonable picture of the resulting resonances in all ϕϕ channels, and the differences between the calculated and observed resonance characteristics (R, Γ) are of the order of indeterminacy intervals. A possible sign of disagreement seems to be in the f 0 (500) resonance, where PPM gives a resonance position some 150-200 MeV above the experimental value. As it was discussed in [31] , this fact implies, that the ππ interaction in the ππ Green's function G ππ (E) is necessary to account for in the low energy region, E < ∼ 500 MeV. Indeed the accurate analysis in [45] confirms the f 0 (500) pole position at E = (457 − i279) MeV, close to E P DG .
In our case from Table VI for λ = (1, 1.5) GeV −1 we have
which differs from E P DG , while f 0 (980) data is comparable to ours.
IV. THE CASE OF TWO qq POLES
Till now we have considered the lowest 3 P 0 quark-antiquark poles, which due to the PPM were shifted down from the original position of around (1000−1400) MeV to the final position in the range (700-1300) MeV, which can be associated with the lowest exotic resonances.
However, in the (nn) channel there is the radially excited pole 0 ++ , I = 0 at the initial position M 1 = (1490 − 1500) MeV, which can be also shifted down and can have the position around 1400 MeV, known as f 0 (1500). Also in the K * 0 -channel (J P C = 0 ++ , I = 1 2 ) there exists the higher resonance, coupled to the same Kπ decay channel, K * 0 (1430), which can be originated from the radial excited (ns) pole at M 2 = 1550 MeV. Below we shall show a remarkable property of the PPM, where the shift down of the lowest (qq) pole is almost the same, if the radial excitations are taken into account, while the mass shift of the next (qq) pole is strongly suppressed as compared to the ground state. This property of the level repulsion follows from the structure of the PPM equations themselves.
Indeed, writing the one-channel, one-pole PPM Eq. (35) in the form as in [31] , one has
with
This equation can be generalized, including the radially excited pole M 2 , as follows From (23) one has the equation
Then taking the case (ns|πK) as an example and neglecting Im G ϕϕ , from Table  VI one obtains a = k (1/2) Re G πK = 0.36, and the resulting f (E) as a function of E has two poles, given by the intersection of the straight line f (E) = 1 0.36 , as shown in Fig. 5. From Fig. 5 one can easily see how the resulting poles E 1 , E 2 are shifted as compared to M 1 , M 2 , in the approximation of zero Im G πK .
To proceed with the case of K * 0 (700), K * 0 (1430), we are solving the quadratic in E 2 equation (24) with M 1 = 1.24, M 2 = 1.55 GeV, and obtain two approximate solutions for λ = 1 GeV −1
These solutions correspond to the intersection points in Fig.5 , and were obtained treating the imaginary part of G πK (E) as perturbation. To take it fully into account one can write the solution of (24) as
and use a = Re a + i Im a = k (I) (qq|ϕϕ)(Re G ϕϕ + i Im G ϕϕ ) from the Table VI for the case (ns|πK), calculated e.g. for λ = 1 GeV −1 .
In a similar way one can consider all the cases (nn|ππ), (nn|KK), (nn|πη), (ns|Kπ) and (ss|KK). The resulting pole positions for λ = 1 GeV −1 , generated by ground and radially excited scalarpoles, are given in the Table VII .
One can see in Table VII a reasonable agreement of the predicted and observed resonance characteristics with a few exclusions. The first refers to the higher position of the predicted mass f 0 (500), E 1 = 800 MeV, however, with a large width, which implies significant uncertainty in the resonance position, and, as we mentioned above, calls for the account of the ππ interaction in G ππ at small energies. The second discrepancy might be more significant. Namely, the first (ss|KK) resonance occurs exactly at 1.37 GeV (see Table VII ) and could be associated with f 0 (1370), however, the latter prefers to decay into ππ, 4π and the KK ratio is less than 10% [1] .
At the same time, the second (nn|ππ) resonance is predicted at around 1.3 GeV with the 100 MeV width Γ ππ , and the (nn|KK) resonance at 1.45 GeV with the width Γ KK ≈ 100 MeV, the latter to be associated with f 0 (1500). Unfortunately f 0 (1500) does decays mostly into ππ, 4π. Thus one has 3 inconsistencies in the theory: ππ resonance at 1300 MeV and two KK resonances at 1450 MeV and 1360 MeV, while in experiment one has two resonances f 0 (1370) and f 0 (1500) decaying mostly into ππ and 4π.
Evidently, here appears a strong mixing pattern of three (or more) resonances, which can be additionally enlarged by the code mechanism (KK|nn) M 2 M * 2 −E 2 (nn|ππ) near the nn pole at M 2 = 1.5 GeV. As an additional argument for this mixing and the resulting damping of the KK decay mode one can use the small value of the KK decay width of 70 MeV for the (ss|KK) resonance at 1.36 GeV, while the corresponding experimental resonance f 0 (1370) has a large ππ, 4π width, Γ = (200÷500) MeV. This interesting topic requires a substantial analysis and a separate publication.
V. CONCLUSIONS AND AN OUTLOOK
We have above the simplest version of the channel coupling (CC) mechanism with the two letter code -(qq|ϕϕ), which is the relativistic and chiral extension of the original Cornell code, used for the charmonium resonances in [32] . This is a simple realization of the CC mechanism [35] , where an infinite set of transformations of one system into another can provide a pole (bound state) in this set even if both systems are free. The basic role here is played by the magnitude of the transition amplitude, and a concrete example of the resulting Z b resonances was given in the last refs. of [34] .
As was demonstrated above, also in the case of scalar mesons the role of transition coefficient k (I) (qq|ϕϕ) is very important, since it can be very large (k (0) (nn|ππ) = O(18 − 40)) in the (nn|ππ) and (ns|Kπ) cases, see Table VI and small (k = O(1)) in other cases. One can see in Tables VI and VII, that namely this large range helps to solve the problem of the scalar mesons, where the shift of resonances is so different in different ϕϕ systems, and maximal for the (nn|ππ) case.
Another important feature of our PPM is the appearance of several resonances created by onepole -the resulting ϕϕ resonance appears in principle in each ϕϕ system, connected to thispole. This happens for ππ and KK systems, where two resonances f 0 (500) and f 0 (980) are created by thepole at E = 1050 MeV. Note, that finally these resonances become connected due to the ππ − KK channel coupling, and in some cases two close-by resonance poles can be located on different sheets, as was observed in lattice analysis by J.Dudek et al. [18] .
We have already stressed the important role of the ϕϕ interaction in obtaining the correct position of lowest resonances f 0 (500) and K * 0 (700). Actually our approach provides an alternative way for the description of the ϕϕ scattering amplitudes, when thedynamics is included at the first stage, and the− ϕϕ transition is taken into account as a second step, and the final stage should include the detailed account of the ϕϕ interaction. The comparison of the resulting ππ amplitude, using only two first steps, with the realistic ππ data, done in [31] , exactly shows that the 2-step amplitude roughly describes main features -the extrema and zeros of the amplitude, but strongly distorts the amplitude at small energies, where the ϕϕ interaction is important. To solve the scalar meson problem, as it was demonstrated above, the simplified two-step procedure was sufficient. On another hand, the full 3-step procedure provides the exact ϕϕ amplitude with the correctinput.
Another feature of the PPM, found in this paper, is the relatively smaller shifts of all radial resonances, compared to the ground states, especially in the (nn|ππ) and (ns|πK) cases. As a whole, we have explained the general features of the scalar meson spectrum, leaving the details of the KK − ππ coupling to the future publications.
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As it was explained in [31] , theGreen's function is computed in the Fock-Schwinger formalism, based on the relativistic path integral method. In this formalism theGreen's function in the c.m. frame (P = 0) has the form
where M n , n = 1, 2, are energy eigenvalues, while f (n) s are the P -wave decay constant, which are discussed and calculated in the Appendix 1 of [31] .
Here we only detalize the explicit form of f
3 and its dependence on quark masses and the radial quantum number n.
The explicit form of f (n) s can be writen as [31] (f (n)
where ω n ,ω n are the average energies of quark and antiquark in the relativisticsystem obeyed by confinement, color Coulomb and spin-dependent interaction [30] . The concrete calculations, done in this framework as in [31] , bring the following results, given in the Table VIII . Appendix A2.
As it is shown in (A1.2), the decay constant f (n) s (s -scalar) is defined via the derivative R ′ nP (0), while other factors in (A1.2) do not depend on r. For the decay constant, defined at the spatial distance r = λ between q andq, as shown in Fig. 4 , the decay constant f The values of R ′ nP (λ) have been computed in the relativistic formalism of [28, 30] numerically and the corresponding values of R ′ nP (λ), (R ′ nP (λ)) 2 are given in the 
